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TESTS OF A 0.30-SCALS SEATISPAN MCDEL OF THE DOUGLAS XTB2D-1

AIRPLANE WIKG AND FUSELAGE COUBINATION IN THE
RACA 19~-FOOT PRESSURE TUNNEL
II - ROLL-FLAP PGSITICINING AND LATERAL-
CONTROL THVESTIGATICN

By Stanley H. Spooner, C. Dixon Ashworth,
and Robert T. Russell

JUMMARY

Teats of a 0.30-scale semispan model of the Douglas
XTB2D=1 alrplane wing and fuselage combination equipped
with full-span double-slstted flaps have been conducted
in the NACA 19-foot pressure tannel. This paper presénts
the results of that portion of the investigatlion con-
cerning the development of the outboard flap, or roll
flap. The purposes of these tests were (1) detecrmination
of the optimum relative positions of the wing, vane, and
roll flap conslistent with a high maximum 1ift coefficient
end adequate rolling effectiveness; (2) determination of
the roll-flapr loads anc hinge moments for design infore-
matior; and (3) an estimation of the latersl-contral
forces of the airplane.

The results indicate that adejuate rolling effec~
tiveness and a high maximum 11ft coefflclent may be
obtained with the use of fullespan double-slotted flaps,
The lateral-control forces of the XTB2D-1 alrplene meet
the Yavy Derartment requirements. However, 1t is recome
mended that the maxlmum value of the hellx angle be
ralsed by increasing the maximum roll-flap deflection
for the flaps-retracted conditlion,
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At the reguaot of the Bureau of Aeronautica, Navy

g;gegtnant, 30-acale semispan model of the Douglas
=1 &irplane wing and fuselage combination was
teated in the NACA 19=foot presaure tunnel. The primary
purposes of these tests were (1) to position the full-
span double~slotted flaps so that adequate lateral con-
trol and a high maximum 1ift coefficient might be
obtained; (2) to determine the effectiveness of the
inboard flapas as a dive brake; and (3) to determine the
full-apan flap lcads and hinge moments.

This report presents the resulta of the inveatiga-

. tion to determine the optimum relative positions of the

ving, vene, and roll flap, the roll-flap loads and hinge
momenta, and an estimation of the lateral-control char-
actéristica of the airplene. The data and analysis of

the other enumerated items are presented in reference l.

* A semispan model -vas tested for the purpose of
securing date at a large Reynolds number. An end plate
was installed in the tunnel to act as a reflection plane

for mainteining the coprrect air- flow anq 11ft distribu-
tion over the wing.

. .

(COEFFICIENTS AND smaof.s ‘
The coefficients nnd aymbols aused herein are
~ defined as followa:
117t coefficlent (L/qs)
drag coefficient (D/qs)
pitching-moment eoefficlent (X/q38)
rolling-moment coefficient (L'/qSb)
13;1ng-moment coefficient (N/qSb)
roll-flap hinge-moment coefficient (H./hb.a.z)




roll-flap normal-force coefficient (Na/qsa)
roll-flap chord force cosfficient (Ca/qSs)
rate of change of rolé&n -moment coefficlient
with helix angle ——%
o2
=V
-2

q

'~

pressure coefficlent

pER &

drag

pitehlng moment
rolling monent
vewing moment

roll-flap hirce moment measured about 0.252 roll-
£lap chord

roll-flap normal force
roll-flsp chord force

difference betwecern locel static pressure and
free-stream static pressure

dynamic pressure of Iree sireanm <%pV€)

wing area (Z27.24 feete)

mean aerodjynaric chord (2.696 fect)

rell-flap area (2.654 fest?)

helix angle, where » 18 the roliing velocity
mocdel span (10.5 feet)

product of spen and sguere of roo;-meun-square
chord of roll flap (C.832 foot¥)




airspeed

’ W/e
indicated airspeed ( 0.0011890L>

mass density

corrected angle of attack of wing reference line
tunnel angle of attack of wing reference line
roll-flap deflection

inboard flap deflection

control wheel deflection

wing chord at any spanwise station

radial distance from wing lip to vane

distance, parallel to wing reference line,
wing 1ip to vane leading edge

radial distance from vene tralling edge to

distance, parallel to wing refererce line,
vane trailing edge to flap leading edge

roll-flap vane angle
roll-flap cut-off angle

test Reynolds number {(pVe/p)

Mach number (V/a)

coefficient of viscosity

sonic velority

roll-flap control force at rim of whecl
control wheel radius (0.583 foot)

time




angle of aideslip
angle of bank

KODEL AND TESTS

The genersl dimensions of the 0.30-scale XTBZD-l
semicpan model and the arrangement of the model and the
end plate in the 19-foot pressure tunnel are shown in
figures 1 and 2. A complete description of the model
is given in reference 1.

The tests were conducted with the air in the tunnel
compressed to 35 pounds per square inch abesolute pressure.
For the majority of the tests, the dynanic prescure was
approximately 5C pounds per square foot, corresponding
to a test Reynolds number and a Mach number of approxie
mately 5,200,000 and 0.12, respectlvely. The serodynamle
forcea and moments were measursd by an electrically
recording, six-component balance aystem. The roll-flap
loads and hinge moments were measured by means of
resistance-tyce ctrain gages.

For vans end ronll-flep positisning purpasge, the roll
flap was arbitrarily set at a deflection of 3C”. The wing,
vane, and roll-flap parameters (fig. 2) were measured
relative to this porition. The model was tested through
a range of angles of attack and a range of roll-flap
deflections for each of the roll-flar ninge-lire and vane
positione Investizated. During this serles of tests,
exceseive vivration of the roll flap at extrerme deflec-
tions (48°) necesslitated reducing the dynaric pressure
to give a Reynolds number of approximately 4¢,3CC,000 for
these high-deflection tests,

For the purpsee ¢f deternining the lateral-control
characteristics, the model was tested tiaroush &n angle-
of-attack range at several roil-=flap deflections and at
various extensicns of the full-span flaps. For these
tests the relative positions of the wing, vane, and roll
flap at full extension were those determired from the
positioning stvdles; there settings are shown 1in figure 4.
The path of the roll flap and the vare from the retracted
to the fully sxtended position ia shown In figure 5. It
should ve noted that the attitvde of the vane was fixed
with respect to the wing for a given extension and was




6

not changed with a change in the roll-flap deflection.
The attitude of the vane at other than full exteneion
was determined from the linkage system intended for
use on the airplane.

Since in the fully retracted position the roll flap
deflected against the wing 1ip at positive deflections,
roll-flap loads and hinge momcnts could not be determined.
It was therefore necessary to allow a slight clearance
between the roll flap and the wing lip and also to
minimize the deflection by reducing the dynamic pressure
to give a Reynolds number of approximately 4,200,000,

The effects of the reduced dynamic preszure and of the
clearance were not exactly determined but are belleved
to be small.

No teests of tab effectiveness were made.

Static-pressure tubes were installed flush with the
upper and lower surfacss of the roll flap at a sectlion
approximately midspan of the roll flap in order to
determine the presrcure distributinn for the retracted
roll flap. Figure 6 givee a crosa=cectional view of the
roll flap showing the location of the pressure orifices.
The pressure neasurementrs were photograrhically recorded
on a miltiple-tube manoncter.

The “standard model configuration®™ as used herein
1s defined as the plain wing and fuselage equipped with
the small chord vanes and without the end-plate seal.

DATA ALD CORRECTIONS

All results were reduced to standard nondimensional
coefficients converted, with the exception of the rolling-
and yawing-moment coefficients, so ae to apply to a
symmetrical complete wing and fuselege combination. The
rolling- and yawing-moment coeffizients apply to a com=
plete wing and fuselage combirnetion only for the condi-
tion where the 1left roll flap ir deflected from neutral,
The pitching, rollirg, and yawing moments, as converted,
are referred to the wind axes originsting at the normal
center-of-gravity location in the plane of symmetry at
€5 rercent of the mean aerodynamic chord and 0,032% above
the wing refererce line,
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Inasmuch as the dssired results were primarily com-
parative, correctionas were not applied for the effects
of the drag and interfererce of the model support system.
The effects are therefore Included in the 1ift, drag,
and pitching-moment coefficisnts, The increments in
these coefficlents are consldered to he correct although
the small increments in the tare values due to flap
deflections are neglected.

However, corrections were applied for the effects
of air-flow misaslinement and Jet boundary, which includes
streamline curvature and the induced rolling ard yawing
moments due to the reflection plane. The value of the
rolline moment recorded by the balance system wlth the
roll flapr in its neutral posgition was used as a tare, and
the net rolling moment was thug equal to 2ero when the
roll flap was set at neutral. Tails tare, thon, may be
considered as 1inelndling practieally all of tle tare
effects of the model suprort system on the rolling
monients. The correetionrs applied to the yawing-moment
cnefficient were similar to those applied to the rolling-
moment ccefficlent. Thus, the rolling- and yawing-
moment coefficients may be considered to be abzolute
values. No correctlions were applied to the roll-flap
hinge-mrment or force coefflclients.,

The magnitude and sign of the complete correctlons-
to the gross data are given in the following equatlonss

- 20,2
CD = Chgrone * 0+0120r

a' + 0.788Cy, + 0.3

= 0.800(C1p108s ~ Cltare)

- 0,0214Cy

- cngrosa = Cniare corrcngroaa




RESUITS AND DISCUSSION

Pcesiltioning Investization

The 1ift and rolling characteristics for the various
relative positions of the wing lip, vare, and rcll flap &
are rhown In flgure %. A cross plot of figure 7, glving 14
rolling-moment coefficlent with rc,ncct to roll-flap f?
deflection fovr en angle of attack of 9%, is shown ia
flgure 8 from which the effects of %the roll-flap parameters
rmay he obseerved,.

1t skould be noted here that the 11ft coefficlents
of figure 7 actually represent values which would be
obtaired on 2 full-span moGel with both roll flapse
deflected equally in tke same Adirecticn. £ny estimate
of voll-flap cheracteristlics for spescifisd 11ft coef=-
ficients should therefore bte made using the 1ift coelfi-
clent obtained with the roll flap in 1ts nevtral position.

The effecis of the variou~ roll-flap parameters on
the rolling effectiveness at large roll-fiap deflectlon
nay be sumnarized in the following table, prepared from
the data of fi-ures 7 and 8:

Rell-flep Cq for

arranze- 1. /e () 12/% ba = 4B°
1/ Pwi~e" "w ¢ a

ment ; (884 -18°)

F L. 0.0162
oL 0266
OB «0295
.ob.s .0270
«0220
<0393
.ohs 0160
»2280

O~ NN

Le shown by the values 1n the preceding table,
arrangement € gave the best rolling effectiveness for
large deflections while =t111 providing a reasonably




high maximum 11ft coefficient for neutral roll flap

(62 = 20°). Because of undesirable roll-flap vibration
observed in teste of thi= combination, however, 1t was

decided that arrangement 3 was the meat satisfactory of
the combinations tested. These settings were selected

as the optimum arrangement and used in the remalnder of
the lateral-control investigation.

The effectiveness of the roll flap appears to be
sensitive to amall changes in the vane angle Oy, and

also to small varlations in the vane-roll-flap gap gg,
although the results are not conclusive in the case of
the latter parameter. In the range tested, the effec-
tiveness of the roll flap is only slightly affected by
small changes In the other parameters.

Lateral-Control Characteristics

In fipures 9 through 15 the characteristice of the
model and the roll flap for the retracted, Intermediate,
and fully extended positiones of the full-epan flape are
presented for several ansles of attack. A smooth varis-
tion of rolling velocity with roll-flap deflection is
indicated. The cata In these figures were cross-plotted
from the originsl data, a reprecsentative plot of whieh
is shown in figure 15. The lift, drag, and pitching-
moment characteristics of the model for the neutral roll-
flap deflections at the various extensions are given in
figure 17. The data obtained from tests of the XTBZ2D-1
semispan model are analyzed herein to givec estimated
full-scale values of the helix ungle and the wheel
forces.

Flaps neutral.- The value of the hellx angle for
the flaps-retracted rlight conditions is estimated as
CCBCL

g%= C1

p

where the value C;p = 0,87 was obtalned by correcting

the value indlcated in reference 2 to 2 lift-curve slopre
of 0.106 ratl.er than the theoretical lift-curve =lope of
0.099 used Iin reference 2. The factor 0.8 1= empirically
determined from attempte to correlate wind-tunnel and
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flight data and allows for reductions in the avallable
rolling moment cue to adversze yaw at low speeds and to
wing twisting and compressibility at high speeds. The
wheel forcesz in steady rolls were determined from the

following equation:

—te c C
qbgCy” hsup g
Faz -

r A (dﬁw) (dow
H0g up 98a Jaown

where the hinge-moment coefficlents were corrected {or
tre change in local e¢ffective angle of atteck due to
eteady rollirng. The mechanical sdvantage of the contrcl
systen which was used in the determination of the wheel
forces is given in figure 18,

The estimated roll-flap effectiveness for the flape-
retracted condltion 1s shown in figure 19. The ccndi-
tions considered correspond to 12C and 140 percent of
the flaps-retracted =talling speed and to 80 percent of
the expecte maximum speed. The =talling speceds were
determined ueing an assumed wing loading of 29.7 pounds
per square foot and valucs of marimam 1ift coefficient
determined from reference l, A rmaximum speed of
Z0Z miles per hour indicated was assumed on the basis
of information supplied by the contractor. At 80 percent
of the maximum espeed, a wheel force of 78 pounds irs
required to produce a wing-tip helix angle of 0.070 radian
at the maximum roll-flap deflection. The Navy Department
requirements as epecified in reference 3 state that the
lateral-control device should be of sufficient power to
give a wing=-tip helix ancle equal to or grester than 0.08
and that at any cpeed above 140 percent of the stalling
sreed and below €0 percent of the maximum sreed the wheel
force shall not exceed 80 pounds. In order to meet the
raquirement that the helix engle pb/EV be equal to or
greater than 0.0, it appears that moie roll-flap deflec-
tion 18 necessary. The varlation of control force with
helilx angle appears smooth.

Flaps deflected.- The 0.8 factor used in the deter-
mination of the wing-~tip helix angles was based upon a
comparison of flight and wind-tunnel tests of conventional
alleron arrengements for which the ratio of the adverse
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yawing moment to rolling moment was of the order of -0.2.
In the precsent testz, with the full-span flaps deflected
30%, the ratio was approaimeta]y -0,23 at 120 percent of
the stalling spced. Moreover, the adverse yaw due to
rolling is grecater with full-span flars than with partial-
span flaps or no flaps. For these reasone it was felt
that the 0.8 factor wes not applicable to the full-span-
flap case. Using lateral-stability cerivatives and mass
characteristics supplied by the Douslss Company on the
baslis of complete model tests and desipgn data, the
motlions of the alrplene following abrupt full roll-flap
deflection were cslculated by the methods of reference
The resulte of these calculatiorns are shown in figures 20
and Z1. Althauph the present teets wers made with {laps
deflected 30°, the stsbility derivatives were estimated
for tre ﬁirplane in ‘te actval flight configuration in
which ths outhoard flap deflection war approx’mately 20
and the inboard flap deflectlion approximately 26° at the
spoed conrcidercd (9° milee per hour indicated). The
quantitative results of figures 20 anc 21, therefors,
will rot apply exactly to elther configuration. It 1s

belleved, Lowever, that the curves may be accepted as a
reasonable indication of the motions of the airplane in
1ts flignt configuration at a speed =lightly above

120 percent of tke stelling speed.

Yo rolling reversal is observed but the rolling
veloclity 1z noticeably reduced by the adverese yaw. The
curves o; figure 21 ¢nuicngesgﬁat an arbitrary value of
SE = 3 rather than —-——l would ve in falr agree-

b Cip i,
ment with the calculated rclling motion. This lower
factor was used in estimating over-all average values of
pb/2V for use in calculating the aileron control forces
which are shown rlotted against average hellx angle in
figure 22. For full deflection, average pb/2V values
in excéss of 0.08 are indicated, with ratiefactorily low
control forces, Variation of control force with helix
angle 8&ppears smooth.

Inasmuch as the rolling velocity did not remain
constant with time, it was thought deeirahle to present
values of effective pb/2V during periode of time
required to reach certain anglez of bark. These values
are shown in fipure 23,




It may be noted that the maximum angle of sldeslip
shown in flgure 2C is approximately 35° - considegably
higher than the crdinarily accepted maximum of 20~. No
computatlions, however, were madc to determine the amounts
of rudder deflection or pedal force requlred to counter-
act trhe sziceslip.

Roll-flap pressure distribution.- The chordwlse
pressure distribution over the retracted roll flap is
presented in fipure 24. The pressure éistributlon is
€lven for severel roll-flap defiections and for various
engles of attack of the model. An incufflclent number
of pressure orilfices in the vicinity of the wing 1lip
prevented the determination of the peak preasures.
Consequently, the preresure diagrame are not closed. The
trends, however, are indicated by arrows.

CONCILUSIONS

On the baszls of the XTBZD-1 semirspan mcdel test

data presented herein, the following concluslons may
be drawne

1. Adequate rolling effectiveness and a high maxi-
mum 1ift coefflicient were obtained with full-span double-
2lotted flaps deflected for values of the roll-flap
rarameters as Tollows:

Vane angle, deg . . . .« . 40
Lip-vare gap . . « .« . . 0.015Cy

Lip-vane overhang . . . . 0.011Cy
Vane-roll-ilap gap . . . 0.022Cy
Vene-roll-~Clep overhang s . 0.048Cy
Cut-off anple, deg . « . . . § 7% % 38

2. Roll-flap effectiveness appears to be senc=itive
to small variatlons of the vane angle. The effects of
the vane-roli-flap gap cannot be isolated cormpletely, but
small changes in the value of this parameter appear to
influence the roll-flap effectlveness appreclebly. The
remaining parameters appear to have little c¢ffect in the
range inveatigated.

3. The estimated meximum helix angle and the corre-
sponding wheel force are 0.07C radlan and 78 pounds,
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reapectively, for the 8J-percent maximum speed, flaps-up
condition. Helix angles up to 0.081, with =mall wheel
forces, are estimated for the low-zpeed flaps-extended
condition.

4. It 1s recommended that the maximum roll-flap
deflection for the flaps-retracted condition be increased
in order to obtain a  pb/2V - of 0,08 as required by the
Navy Departmznt specifications.

langley Hemorial Aeronautical Laboratory
. National Advisory Comnlttee for Aerorautics
Langley Fleld, Ve,, Septenmber 7, 1944
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Figure 2.- View of the 0.3 -scale semispan model of the Douglas
XTB2D~-1 airplane mounted in the 19~foot pressure tunnel.
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Roll-flap characterlstlca ed 10 determine positioning of Iull-span
double-slotted flaps for providing adequate lateral control and high maximum

1ift coefficient, effectiveness of inboard flaps as dive brakes, and total full-span
flap load and hinge moment. Results indicate 1hat adequale rolling effectiveness /
and high maximum lift coefficlent may be obtained with this type flap. Lateral

control characteristics are sallsfactory. Il is recommended that maximum helix
angle be ralsed by increasing roll-flap deflection in the retracled positlon.
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ABSTRACT:

Roll-flap characteristics are invesiigated to determine positioning of fuli-span
double-siotted flaps for providing adequate iateral controi and high maximum
iift coefficient, efféctiveness of inboard flaps as dive brakes, and total fuli-span
flap ioad and hinge moment. Results indicate thai adequaie roiiing effectiveness
and high maximum lift coefficieni may be obtained wiih this type fiap. Lateral
conirol characieristics are saiisfactory. It is recommended that maximum heiix
angie be raised by increasing roii-flap deflection in the retracted posiilon.
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